Background: Children's independent mobility has fallen in recent years and may in part explain reported declines in physical activity in young people. This cross-sectional study investigated whether independent mobility in boys and girls was related to objectively measured physical activity.
Background
There is growing evidence that children's independent mobility has been declining in recent years. For example, the proportion of 10 to 11 year old children travelling unaccompanied to school in the UK fell from 94% in 1970 to 54% in 1990 [1] and 47% in 1998 [2] . Data from the UK National Travel Survey [3, 4] show that in 2002 children were taking 4.7% fewer trips outside the home than in 1985/86 and that the proportion of trips undertaken on foot had declined from 47% to 32%, with an increase in the use of cars from 35% to 56%. These findings are supported by qualitative data which found that the numbers travelling to school alone at the age of 10-11 had fallen from approximately 40% for those born in 1932-1941 to 9% for those born in 1990-1991 [5] . Thus, it appears that children may be spending less time unsu-pervised outside the home and when they do go out, are more likely to travel by car. Similar trends have been reported in other countries. For example, in the U.S. children's active commuting to school declined by 37% between 1977 and 1995 [6] , and in Italy 71% of 7-12-year-old children are always accompanied by adults on journeys to and from school [7] . In Australia, 32% of 8-12 year old children report travelling < 100 m from home without an adult [8] .
Reductions in independent mobility and increased car travel may be due to a perceived threat from traffic, molestation, distance to destination, convenience and opportunity for social interaction between parent and child [1, [9] [10] [11] . Other significant social trends, which may indirectly influence children's independent mobility, include changing family structure, greater use of structured childcare and change in parental working patterns [12] . Children with greater independent mobility (freedom to move around unsupervised by adults) are reported to interact more with their peers, both indoors and outdoors, whilst children with lower independent mobility interact less with adults beyond the confines of the family [13] . Greater independent mobility has also been related to higher acquisition, processing and structuring of environmental knowledge in 8-11 year olds [14] . Conversely, low levels of independent mobility can negatively influence children's emotional, social, and cognitive development [15] . Gingsburg [16] proposes that reduced interaction with the environment limits opportunity for play, particularly child-centred play (unsupervised by adults) which is important for the development of a range of skills including negotiation and group working. These findings suggest that children with lower independent mobility are less connected to their environment which could lead to decreased interaction with and increased fear of their local neighbourhood [13] .
Low independent mobility may lead to decreased levels of physical activity and increased sedentary activities, putting children at risk of developing obesity [17, 18] . Adolescent females who spend more time unsupervised after school have been reported to be more physically active than those who do not spend as much time unsupervised after school [19] . It seems important therefore to further investigate whether higher levels of independent mobility are related to increased physical activity in children.
Children's independent mobility has been operationalised in different ways. It has been described as 'territorial range' based on the distance from children's homes to places they visit when playing [20] and as ' play participation' (whether children play outside and how often) [14] .
Hillman and others [1, 8] have described independent mobility in relation to 'license' or degree of independence to move around in the neighbourhood. Some studies have attempted to quantify the level of children's mobility within a certain period, using for example mobility diaries [15] . These approaches capture important distinct elements of independent mobility but conceptual clarity and appropriate child-based measures are lacking [21] . Despite the increased interest in perceptions of the environment and physical activity in recent years and the now routine assessment of neighbourhood characteristics such as access to recreational facilities, transport infrastructure, urban form, and neighbourhood conditions [22, 23] , the concept of independent mobility in relation to physical activity has received limited attention. Where independent mobility has been included as a measure it has largely been considered in small samples [8] or related to selfreported rather than objective measures of physical activity [2, 7, 13] .
This study sought to investigate whether self-reported independent mobility (IM) was related to objectively measured weekday and weekend physical activity in children aged 10-11 years. This study also attempted to account for a wide range of covariates that may confound the relationship between independent mobility and physical activity, an acknowledged weakness in this area of research [22, 24] . Independent mobility is defined here as 'the opportunity for children to move around in their neighbourhood unaccompanied by an adult.'
Methods
This study is based on the baseline data from the PEACH project (Personal and Environmental Associations with Children's Health). The PEACH project is a longitudinal study designed to investigate the environmental and personal determinants of physical activity, eating behaviours and obesity in young people as they transition from the final year of primary school (aged 10 to 11 years) to the first year of secondary school (11 to 12 years).
Participants
Thirteen hundred and seven year 6 children were recruited from 23 of the 72 state funded primary schools within a large UK city between September 2006 and July 2008. These primary schools were selected as they had the highest transition rates (> 40%) to one of eight urban state funded secondary schools selected on the basis of the Index of Multiple Deprivation (IMD) and geographic location to represent Bristol. The Index of Multiple Deprivation is a composite score based on seven categories of deprivation (income, employment, health and disability, education skills and training, housing, and geographical access to services) [25] . IMD scores are based on the post-code of the school and a lower score indicates a higher level of deprivation. Compared to IMD values for England, the primary schools in this study were located in relatively deprived areas (4 schools were ranked in the lowest decile for IMD, 4 in 2 nd decile, 5 in the 3 rd decile, 1 in 4 th decile and 9 in deciles 6-10). Schools were also located in relatively deprived neighbourhoods compared to the local region (Avon) with 13 of the 23 schools ranked in the lowest two deciles for IMD and only 7 ranked in deciles 6-10. Only one primary school approached declined to take part in the study.
Procedure
Schools were contacted by phone and/or by letter to invite them to take part in the study. For those schools who agreed to participate, Year 6 school children and teachers were briefed about the study and provided with an information pack to take home. On measurement days, only children who provided written parental consent were invited in small groups (4-6 children) to take part. Children had their height and weight measured in a private room by the researcher and then completed a computerised self-report questionnaire with a researcher nearby if help was required. Children were given an accelerometer to take home and instructed to wear it for seven days and then bring it back to school. Children were provided with a certificate and a small toy (e.g. Frisbee or ball) for taking part and schools were provided with a poster describing a class-based summary of, for example, physical activity levels of boys versus girls, current physical activity guidelines and the health benefits of optimal physical activity levels. This study was carried out in accordance with the Declaration of Helsinki and ethical approval was provided by University of Bristol Ethics Committee (Ref: 009/006).
Measures

Dependent variables Physical activity
Physical activity was measured using an accelerometer (ActiGraph GT1M; ActiGraph, FL, USA), a widely used objective measure of physical activity in children [26] . Children were instructed to wear the accelerometer on a belt around their waist during waking hours for seven consecutive days and the instruments were programmed to record data every 10 seconds. After downloading data from the actigraph, data reduction was initially carried out using the MahUffe software http://www.mrcepid.cam.ac.uk/Research/PA/Downloads.html. Periods of 60 continuous epochs (10 minutes) with 0 values were excluded and only weekdays with at least 480 minutes of registered time were considered in analyses. The dependent variables used were average counts per minute for weekdays and weekends.
Independent variables Independent mobility (IM)
Independent mobility was assessed using eleven questions, which were part of a self-completed computerised questionnaire. These eleven questions were hypothesised to represent children's independent mobility to visit a range of destinations in the local and wider neighbourhood. Children were asked 'How often are you allowed to go to the following places on your own or with friends (without an adult)?' For each destination (local shops, big shopping centre, park or playground, sports centre, swimming pool, library, school, cinema, friend's house, amusement arcade, bus stop or train station) children responded using the scale never (1), sometimes (2), often (3), and always (4). An additional response was also available to select 'I don't go there (5)'. These questions were based on common destinations reported in previous work [8] and on pilot data with 175 children (84 boys, 91 girls) from a large UK city. In the pilot study, the question format was piloted and additional open questions were included to allow children to report any destinations which were not in the questions provided. The eleven destinations here represented those destinations most frequently visited by children in the pilot sample.
As the items hypothesised to represent independent mobility were significantly correlated, principal components analysis (PCA) with Varimax rotation was conducted in SPSS (Version 14.0 SPSS Inc., Chicago 2004) to reduce the items into associated components. The resulting scree plot and Eigen values were inspected and interpreted and factors selected. This process resulted in two factors; 1) Area independent mobility (Area-IM: Cronbach alpha = 0.788) [26] which accounted for 36.16% of the variance and included the places likely to be some distance from the home. 2) Local independent mobility (Local-IM: Cronbach alpha = 0.703) which accounted for 10.72% of the variance in all the items and included destinations likely to be local to children's homes. PCA were similar for males and females so generic means were generated for each factor and used in subsequent analyses. The results of the principal component factor analysis are shown in Table 1 . Subscale scores were weighted to account for those who did not visit each destination and recoded such that a greater score represented greater independent mobility (mean scores ranged from 1 to 4). Intraclass correlation (ICC) values [27] for these scales with a sub-sample of children (n = 46) from the same city over a two week period were ICC = 0.81 (Local-IM) and ICC = 0.78 (Area-IM).
Daylight
Minutes of daylight available on the first day of measurement for the ActiGraph were determined from standard
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http://www.ijbnpa.org/content/6/1/2 tables [28] . The variable used was minutes of daylight from 3 pm until sunset as an indicator of available daylight after school.
Level of Deprivation
The UK Index of Multiple Deprivation (IMD) 2007 score based on full home post-code was used as an index of neighbourhood deprivation for each child [25] . A lower score indicates a higher level of deprivation.
Pubertal status
Pubertal status was measured using the scale developed by Petersen [29] and five derived stages (equivalent to Tanner stages) were used in analyses.
Body mass index (BMI)
Height (m) and weight (kg) were measured using a beam scale and stadiometer (SECA), with children wearing indoor clothing, and shoes removed. BMI was calculated (weight in kg divided by height in metres squared).
Gender, date of birth and full post-code for participating children were confirmed by the Local Education Authority.
Data analyses
Means and standard deviations were calculated for all variables except for pubertal status where frequencies were calculated. Independent t-tests were used to assess differences in mean scores between gender, and χ 2 were used to examine differences in frequencies for pubertal status.
After conducting univariate correlations to confirm relationships with physical activity, the independent variables Local-IM and Area-IM were entered into linear regression analysis using Stata (version 10, College Station, TX) with mean weekday and weekend counts per minute as the dependent variable. An interaction term (Local-IM × Area-IM) was also entered into the regression analysis as Local-IM and Area-IM may relate to each other as well as to physical activity. Potential confounders in the analyses were minutes of daylight after school, pubertal status, level of neighbourhood deprivation and BMI. As participants from similar schools may share some characteristics the models were adjusted for school. The significance level was set at 0.05. Due to the well documented gender differences in physical activity and independent mobility all regression analyses were carried out separately by gender [13, 30] .
Results
Of the 1899 Year 6 children invited to take part in the study, 1340 provided parental consent (70.5%). Of these 33 were absent on the days of measurement. Seven participants did not complete the computerised questionnaire leaving 1300 for analysis. ActiGraph data was unavailable for 23 participants due to non-returned or broken instruments. A further 48 children had insufficient registered time for weekdays to be included in the analyses. Descriptive statistics are presented for all participants and by gender in Table 2 . Males had significantly greater levels of Local-IM and Area-IM and weekday and weekend physical activity compared to females, who had greater levels for BMI and were more advanced in terms of pubertal status. There was no significant gender difference in age, minutes of daylight available after school or index of multiple deprivation. For both males and females scores for Local-IM were greater than Area-IM.
Pearson correlation co-efficient for all variables are presented in Table 3 . Local-IM was moderately positively correlated with Area-IM. Correlations between Local-IM and weekday and weekend physical activity were generally positive but weak. Similarly Area-IM was positively, weakly, related to physical activity on weekdays and at the weekend. Pubertal status, BMI, and daylight were all weakly, positively, correlated with both Local-IM and Area-IM. IMD score was significantly correlated with Area-IM but not Local-IM. Daylight was positively significantly related to physical activity as was IMD. Both pubertal status and BMI were negatively related to weekday physical activity. As these variables were generally related to both independent mobility and physical activity, and there is no strong evidence that they are on a causal pathway between the two, they were considered as confounders in the regression analyses [31] .
The results of the linear regression analysis are found in Table 4 . In the unadjusted model, Local-IM was significantly (p < 0.01) associated with weekday and weekend physical activity in girls but only with weekday physical activity in boys. Area-IM was significantly related to weekday physical activity in both boys and girls. The positive association between Local-IM and Area-IM and weekday physical activity remained largely unchanged after adjustment for BMI, IMD, daylight and pubertal status. For weekend physical activity after adjustment, Local-IM remained significant in girls. The interaction of Local-IM by Area-IM was not significantly related to weekend or weekday physical activity for boys or girls. 
Discussion
Two distinct subscales emerged to describe independent mobility in this population. They represent the frequency that children report being permitted to go to destinations unsupervised by an adult locally (Local-IM) and in the wider neighbourhood (Area-IM). As would be expected both boys and girls had higher scores for Local-IM than Area-IM indicating that parents were more willing to let them visit 'local' destinations i.e. friends house, park, local shops and school unsupervised compared to those which were assumed to be further away. Both Local-IM and Area-IM were higher in boys compared to girls. This is consistent with other studies [1, 30] where parents appear more willing to let boys visit places outside the home unsupervised compared to girls.
Children who reported being allowed to visit destinations unsupervised locally (Local-IM) and in the wider (Area-IM) neighbourhood had higher levels of weekday physical activity compared to those who reported lower levels of Local-IM and Area-IM. This positive association with objectively measured physical activity for weekdays remained even after adjustment for a range of potential confounders (BMI, IMD, pubertal status and minutes of daylight from 3 pm until sunset). For weekend physical activity, only Local-IM in girls was significantly related to average weekend physical activity. The lack of significant association between Area-IM and weekend physical activity may indicate that at this age young people get the majority of their physical activity at weekends 'locally'. Logically however you would expect that young people have more time to visit destinations further afield at weekends. It may be that children at this age spend more time supervised by parents on weekend visits and as Area-IM scores are hypothesised to only reflect 'unsupervised' visits, Area-IM is not associated with weekend physical activity. It is possible that Area-IM may relate to physical activity at weekends later in adolescence as distance travelled and range of destinations visited unsupervised increases [1] . Variability in Area-IM scores is also less than that for Local-IM so could have affected power to detect significant relationships in analyses.
The assumption that Local-IM reflects destinations accessible to young people unsupervised and that Area-IM reflects destinations further away from where children live needs to be confirmed. Objective measures such as Geographical Information Systems could be used alongside self-reported independent mobility to ascertain the location of destinations visited unsupervised.
Physical activity and factors such as independent mobility are likely to be influenced by the type of neighbourhood (housing density, land use mix, available green space) as well as perceptions of that neighbourhood. For example, a parent may be much more likely to allow independent mobility if they perceive their environment to be safe and traffic density to be low and vice versa. Although the current study includes a wide range of participants from a single city, the variability in types of neighbourhood within a city could be smaller than that between different cities. These findings therefore should be confirmed in other geographical locations. The inclusion of minutes of daylight after school (3 pm) is relatively unusual in the literature, but these data confirm that minutes of daylight are positively related to both independent mobility and physical activity so should be considered as a potential confounder in future work. Available daylight is particularly relevant when investigating independent mobility as darkness has been reported as a barrier to parents allowing their children to play outside unsupervised [1] . Studies where the measurement period is restricted to only winter or summer may not therefore be generalisable to other seasons.
Our limited knowledge with respect to independent mobility and physical activity may be a result of measurement challenges and lack of a coherent theoretical framework. Many studies including this one have relied on selfreported perceptions of independent mobility by either the child or the parent. Where direct measures such as detailed observation have been used, samples are usually relatively small and often in restricted situations (e.g. close to home or in the school playground). New equipment taking advantage of developments in satellite technology (e.g. portable Global Positioning Satellite (GPS) receivers) offer the potential for novel objective measures of children's movement within their neighbourhood. If combined with accelerometry data and information on level of supervision they offer a potentially more robust approach to measuring independent mobility in relation to physical activity. Examples of this integration of measures are slowly emerging in the literature [32] . Data presented are to date based on small, homogeneous samples from a narrow range of neighbourhoods and reliability and validity of output generated by GPS and accelerometry has rarely been fully described [33] . Larger more diverse studies are required that can document movement within the environment for a broad range of children and neighbourhoods.
We know very little about the factors which determine level of independent mobility in young people. Johansson [34] compared the characteristics of parents whose attitudes favour car use compared to those who favour independent travel. They found that parents with a favourable attitude towards independent travel were more likely to express a strong trust in the environment and road users and felt less need to protect their children. We also know that older children and males experience more independent mobility than females and younger children and that the reasons for decisions related to independent mobility in young people are a complex interaction between the child, the family and the environment [13] .
This complexity can only be addressed by a coherent theoretical framework where independent mobility is combined with other more established physical, socialenvironmental and personal determinants of physical activity [35] . A limitation of this paper is its lack of theoretical direction. Although a rationale for investigating independent mobility in relation to physical activity has been presented the independent mobility constructs developed have not been systematically linked to other determinants of physical activity.
Other constructs that relate to independent mobility can be found within existing theoretical frameworks. Examples of these constructs include autonomous motivation embedded in the Self Determination Theory [36, 37] and habits and norm directed behaviour in relation to humans and the environment [38] [39] [40] . However there has been limited theoretical work focussed specifically on the concept of independent mobility and physical activity. A greater emphasis on IM is consistent with the shift in recent years to focus on changing the environment as well as the individual as part of the public health agenda [41] . However the cross-sectional nature of this study means we cannot determine whether higher levels of independent mobility are causally linked to higher levels of physical activity or vice versa. Longitudinal data are required to establish whether change in independent mobility is associated with a concomitant change in physical activity.
The main limitations of this study are the reliance on selfreported independent mobility and the cross-sectional design. The strengths of this study include the development of a specific measure of independent mobility, the use of an objective measure of physical activity in a rela-tively large sample and the measurement of and adjustment for a range of confounders in the analyses.
Conclusion
The decline in children's independent mobility and the potential negative consequences this may have not only for physical activity levels but also broader physical and social well being means this concept merits more systematic inclusion in the determinants literature. In this study we have found that greater levels of Local-IM and Area-IM were associated with greater volume of physical activity on weekdays. Understanding the factors that influence independent mobility is necessary to determine the optimum social and physical environment that encourages parents and adult carers to allow their children to be physically active outside unsupervised. This should be in addition to encouraging children (and parents) to be more physically active outside together. Both of these approaches may be important mechanisms to promote increased physical activity in young people.
